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DESCRIPTION 

FLUORESCENT LAMP, LUMINAIRE 
AND 

5 METHOD FOR MANUFACTURING FLUORESCENT LAMP 

Technical Field 

[000 1] The present invention relates to an amalgam -enclosed fluorescent 
lamp, an illumination device including the fluorescent lamp, and a method 
10 for manufacturing the fluorescent lamp. 

Background Art 

[0002] The amount of mercury required to be enclosed in the lamp desirably 
is as small as possible from the viewpoint of environmental protection. 
15 Therefore, it is required that a minimum amount of mercury should be 
enclosed in a glass bulb with high precision. 

[0003] However, mercury has a high surface tension, which makes it difficult 
to measure off a small amount of the same accurately. Besides, since it 
tends to adhere to a wall of a discharge thin tube or the like, the loss of 
20 mercury occurring during enclosure is considerable. Therefore, 

conventionally, an amalgam of mercury in a pellet form has been enclosed in 
place of pure mercury. 

[0004] For instance, the patent document 1 discloses a fluorescent lamp in 
which an amalgam containing mercury and zinc as principal components 

25 (hereinafter referred to as ZnHg) is enclosed. The patent document 2 

discloses a fluorescent lamp in which an amalgam containing mercury and 
tin as principal components (hereinafter referred to as SnHg) is enclosed. 
[0005] Problems have arisen in the configurations with ZnHg and SnHg, 
respectively. The problem with the configuration with ZnHg is that in a 

30 manufacturing process, when an amalgam pellet is brought into a heated 
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glass bulb, an amount of mercury vapor released from the amalgam pellet is 
small. It is known generally that upon the first lighting of the fluorescent 
lamp, mercury vapor is consumed rapidly due to physical adsorption onto an 
internal wall of the glass bulb or chemical reaction with a 
5 phosphor-film-forming material or an impurity gas, causing the mercury 
vapor level to tend to be insufficient. Further, recently, with a view to 
improving the lamp efficiency, the internal diameter of the glass bulb tends to 
decrease while the discharge path tends to increase, thereby making it 
difficult to cause mercury vapor to spread throughout the glass bulb, which 

10 makes the mercury vapor level more insufficient. If a fluorescent lamp is 
left to be on for a long time in such a state of insufficient mercury vapor, 
lighting defects such as non-lighting or flickering occur, or a circuit for 
lighting is overloaded. Therefore, problems of lighting defects, etc. tend to 
occur in a fluorescent lamp in which ZnHg is used. 

15 [0006] On the other hand, the problem lying in the configuration with SnHg 
is that an amalgam pellet is heavy. Since the mercury content of SnHg is 
smaller than that of ZnHg, when SnHg is used, the weight of an amalgam 
pellet has to be increased further so as to enclose the same amount of 
mercury as that in the case of ZnHg. If an amalgam pellet is heavy, the 

20 amalgam pellet tends to cause the phosphor film to peel off when it collides 
against a phosphor film due to vibration during transportation or the like, 
thereby impairing the appearance of the fluorescent lamp, etc. 
[0007] It should be noted that an amalgam pellet of SnHg is stable in the 
case where the mercury content therein is in a range of 15.8 wt% to 29.7 wt%, 

25 and in the case where the mercury content is set to be more than that, 
mercury leaks out of the amalgam pellet in some cases. Therefore, it is 
difficult to increase an amount of enclosed mercury by increasing the mercury 
content in the pellet. 

30 Patent document l: JP 3027006 B 
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Patent document 2- JP 2000-251836 A 
Disclosure of Invention 

[0008] In light of the foregoing problems, the present invention provides a 
5 fluorescent lamp that is characterized in that an amount of released mercury 
vapor that is necessary for the first lighting of a fluorescent lamp is secured, 
and that a phosphor film is less prone to peeling due to an amalgam, an 
illumination device that includes such a fluorescent lamp, and a method for 
manufacturing such a fluorescent lamp. 
10 [0009] A fluorescent lamp of the present invention is a fluorescent lamp 
including a glass bulb provided with a phosphor film on its internal face, in 
which a rare gas and an amalgam pellet are enclosed. This fluorescent lamp 
is characterized in that: the amalgam pellet contains zinc, tin, and mercury, 
one or a plurality of the amalgam pellets are enclosed in the glass bulb, and 
15 each of the amalgam pellets has a weight of not more than 20 mg; and the 
fluorescent lamp satisfies the relationship expressed as: 
45x(l-A) < x < 55x(l-A), 
75A<y<85A, 
45-30A< z < 55-30A, and 
20 x+y+z < 100, 

where A represents a value whose lower limit is determined as: 
A > 0.3-03/25) and A > 0. 1 when 0 < L 2 /D < 1.5x 10 4 , 
A> 0.4-CS/25) and A > 0.2 when 1.5xl0 4 < L 2 /D < 5xl0 4 , or 
A> 0.5-(S/25) and A > 0.3 when 5xl0 4 < L 2 /D < 8.5xl0 4 , 
25 where D represents an internal diameter of the glass bulb in millimeters, 
L represents a length of a discharge path in millimeters, 
S represents a surface area of the amalgam pellet in square 
millimeters, 

x represents a content of zinc in percent by weight, 
30 y represents a content of tin in percent by weight, and 
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z represents a content of mercury in percent by weight. 
[00 10] An iUumination device of the present invention is characterized by 
including the foregoing fluorescent lamp. 

[00 11] A fluorescent lamp manufacturing method of the present invention is 
5 a method for manufacturing the foregoing fluorescent lamp , and is 

characterized by including the steps of: forming the phosphor film on the 
internal face of the glass bulb; and enclosing the amalgam pellet in the glass 
bulb, wherein in the amalgam enclosing step, the glass bulb is kept at a 
temperature of not lower than 260°C. 

10 

Brief Description of Drawings 

[0012] [FIG. l] FIG. 1 is a partially cut-away plan view illustrating a 
straight-shape fluorescent lamp according to Example 1 of the present 
invention. 

15 [FIG. 2] FIGS. 2A and 2B illustrate a mount assembling step 

according to an example of the present invention. FIG. 2 A illustrates 
members composing a glass mount, and FIG. 2B illustrates the glass mount 
after the assembling. 

[FIG. 3] FIGS. 3Ato 3C illustrate a phosphor film forming step and 

20 an electrode enclosing step according to an example of the present invention. 
FIG. 3A illustrates a state of application of a phosphor suspension in the 
phosphor film forming step, and FIGS. 3B and 3C illustrate states before and 
after the enclosure of the glass mounts in the electrode enclosing step, 
respectively. 

25 [FIG. 4] FIG. 4 illustrates an amalgam enclosing step according to an 

example of the present invention. 

[FIG. 5] FIG. 5 is a perspective view illustrating an illumination 
device according to an example of the present invention. 

[FIG. 6] FIG. 6 is a partially cut away plan view illustrating a 
30 ring-shape fluorescent lamp of Example 2 of the present invention. 
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[FIG. 7] FIGS. 7 A and 7B illustrate a glass bulb bending step 
according to an example of the present invention. FIG. 7A illustrates a state 
prior to the bending, while FIG. 7B illustrates a state after the bending. 

[FIG. 8] FIG. 8 is a graph showing the result of a lamp lighting test 
5 with respect to fluorescent lamps with L 2 /D=1.5x 10 4 according to an example 
of the present invention. 

[FIG. 9] FIG. 9 is a graph showing the result of a lamp lighting test 
with respect to fluorescent lamps with L 2 /D=5x 10 4 according to an example of 
the present invention. 
10 [FIG. 10] FIG. 10 is a graph showing the result of a lamp lighting test 

with respect to fluorescent lamps with L 2 /D=8.5xl0 4 according to an example 
of the present invention. 

[FIG. 11] FIG. 11 is a graph showing the result of a vibration test of 
an example of the present invention. 
15 [FIG. 12] FIG. 12 is a graph showing a composition range of Example 

4 of the present invention. 

Description of the Invention 

[0013] According to the present invention, when an amalgam pellet is put in 
20 the heated glass bulb, the amount of mercury vapor released from the 

amalgam pellet is greater than the amount of mercury vapor released from 
an amalgam pellet made of ZnHg, and therefore, the fluorescent lamp is less 
prone to an insufficient level of mercury vapor upon the first lighting of the 
fluorescent lamp, and therefore, less prone to lighting defects. In other 
25 words, it is possible to prevent the occurrence of flickering. Further, it is 

possible to reduce the weight of an amalgam pellet as compared with the case 
where SnHg is used, thereby preventing the phosphor film from being 
damaged or peeled by the amalgam pellet moving therein. 
[0014] It should be noted that the lighting defects of a fluorescent lamp are 
30 more apt to occur with increasing difficulty in spreading of mercury vapor 
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throughout the glass bulb. The difficulty in spreading of mercury vapor is 
influenced by the internal diameter D and the discharge path length L of the 
glass bulb. In other words, the difficulty in spreading of mercury vapor is 
proportional to the volumetric capacity V of the glass bulb, and is inversely 
5 proportional to the conductance C (C=D 3 /L) of the glass bulb. Therefore, 
based on the following formula, hereinafter L 2 /D is used as an index 
representing the difficulty in the spreading of mercury vapor. Note that the 
inside of the glass bulb is regarded as a molecular flow region. 

V/C = tcx(D/2)2xL/(D3/L) = (ti/4)x(L2/D) 
10 The fluorescent lamp satisfies the relationship expressed as: 

45x(l-A) < x < 55x(l-A), 

75A<y <85A, 

45-30A< z < 55-30A, and 

x+y+z < 100, 

15 where A represents a value whose lower limit is determined as: 
A > 0.3-(S/25) and A > 0. 1 when 0 < L 2 /D < 1.5x 10 4 , 
A> 0.4-(S/25) and A > 0.2 when 1.5xl0 4 < L 2 /D < 5xl0 4 , or 
A > 0.5-(S/25) and A > 0.3 when 5x 10 4 < UfD <Z 8.5x 10 4 . 
[0015] For making the amalgam pellet, a mixture of ZnHg and SnHg is used. 
20 [00 16] Here, the foregoing value A represents a ratio of SnHg in a mixture 
obtained by mixing ZnHg and SnHg. 

[0017] Further, the above-mentioned (L 2 /D) is indicative of the thinness of 
the glass bulb. As the glass bulb is thinner, the difficulty in spreading of 
mercury vapor increases. In such a case, the value A is increased so that 

25 mercury vapor should be generated at a greater rate. The diameter D of the 
glass bulb may vary within a range of 10 mm < D < 32 mm. 
[00 18] A plurality of the amalgam pellets may be enclosed in the glass bulb, 
and each of the amalgam pellets may have a weight of not more than 15 mg. 
[00 19] Further, the value of A preferably satisfies A < 0.9. This provides an 

30 effect of reducing excessive leakage of Hg, thereby preventing a pellet from 
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adhering to a thin tube of the fluorescent lamp when the pellet is brought 
into the fluorescent lamp through the tube. 

[0020] The amalgam pellet preferably is in an approximately spherical shape 
and has an average spherical diameter of not less than 0.3 mm and less than 
5 3.0 mm. This reduces the tendency of the amalgam to adhere to a wall face 
of the discharge thin tube due to static electricity or the like upon the 
enclosure of the amalgam, and generally, a discharge thin tube with an 
internal diameter of about 3 mm is less prone to catching an amalgam pellet. 
Therefore, this allows the work of enclosing an amalgam pellet to be carried 
10 out stably. In the foregoing configuration, the spherical shape satisfies: 

S = 47t((r m ax+r m in)/2) 2 

where rmax represents a maximum diameter of a pellet in an unused state 
prior to the enclosure in the lamp, and rmin is a minimum diameter of the 
same. 

15 [002 1] The amalgam pellet preferably is made of Zn a SnbHg c , where a, b, and 
c are values in percent by weight satisfying 10 < a < 30, 30 < b < 65, and 25 < c 
< 45. In these ranges, the flickering upon the lighting can be prevented 
further, and the damaging or peeling of the phosphor film can be prevented. 
[0022] The foregoing amalgam pellet preferably is set so that the release of 

20 mercury begins when the temperature is above 260°C. In this range, the 
flickering upon the lighting can be prevented further. 
[0023] The foregoing amalgam pellet further may contain less than 10 
percent by weight of at least one element selected from bismuth, lead, indium, 
cadmium, strontium, calcium, and barium. The foregoing component may 

25 be an unavoidable impurity, or may be added on purpose. This is because 
the working effect of the present invention can be maintained by so doing. 
[0024] An iUumination device including the fluorescent lamp of the present 
invention is less prone to breakdowns due to non-lighting, etc., of the 
fluorescent lamp. 

30 [0025] Further, since mercury vapor is allowed to spread throughout the 
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glass bulb in the fluorescent manufacturing process, the manufacturing 
method of the present invention allows a fluorescent lamp to be less prone to 
lighting defects that tend to occur due to an insufficient level of mercury 
vapor upon the first lighting of the lamp. 

5 

Examples 

[0026] The following describes the present invention more specifically by 

way of examples. The present invention, however, is not limited to the 

examples shown below. 
10 [0027] Example 1 

(l) Configuration of Fluorescent Lamp 

FIG. 1 is a partially cut away plan view of a straight-shape 

fluorescent lamp according to one example. As shown in FIG. 1, a 

fluorescent lamp 1 is a straight-shape fluorescent lamp exclusively for high 
15 frequencies (power consumption: 32 W), and includes a glass bulb 2 made of 

soda-lime glass. 

[0028] The glass bulb 2 has a tube internal diameter D of 23.5 mm and a 
discharge path length L of 1178 mm, whereby L 2 /D is 59050. On an internal 
face thereof, a protective layer and a phosphor film (not shown) are laminated 
20 successively, while an amalgam pellet 3 for supplying mercury vapor and 
argon gas as rare gas are enclosed therein. Glass mounts 5 having 
electrodes 4, respectively, are fixed in both ends of the glass bulb 2 so as to be 
enclosed in the bulb, and the ends of the glass bulb 2 are capped with bases 6, 
respectively. 

25 [0029] The amalgam pellet 3 is in an approximately spherical shape, having 
an average spherical diameter of 1.2 mm, a weight of 11.5 mg (the mercury 
content of the same is 3 mg), and a surface area S of 4.5 mm 2 . One amalgam 
pellet 3 is enclosed in the glass bulb 2. The amalgam pellet 3 is made of an 
amalgam containing zinc, tin, and mercury as principal components (this 

30 amalgam is hereinafter referred to as ZnSnHg), and the above described 
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value A, value x (value a), value y (value b), and value z (value c) satisfy 
A=0.8, x=10 (a=10), y=64 (b=64), andz=26 (C=26), respectively. 
[0030] 

(2) Fluorescent Lamp Manufacturing Method 
5 Next, a method for manufacturing the fluorescent lamp according to 

the above-described Example 1 is described, with reference to FIGS. 2 to 5. 
The method for manufacturing a fluorescent lamp includes a mount 
assembling step, a phosphor film forming step, an electrode enclosing step, an 
air discharging step, an amalgam enclosing step, and a rare gas enclosing 
10 step. 

[0031] First, the glass mounts 5 are assembled in the mount assembling step. 
FIGS. 2 A and 2B illustrate the mount assembling step. FIG. 2 A shows 
members composing the glass mount, and FIG. 2B shows the glass mount 
obtained after assembling. As shown in FIG. 2A, the glass mount 5 is 
15 composed of a discharge thin tube 7, a flare 8, a pair of lead lines 9, and a coil 
10, and they are assembled integrally as shown in FIG. 2B. It should be 
noted that each of the foregoing electrodes 4 is composed of a pair of the lead 
lines 9 and the coil 10. 

[0032] The phosphor film forming step is carried out in parallel with the 
20 mount assembling step. FIGS. 3A to 3C illustrate the phosphor film for min g 
step and the electrode enclosing step. FIG. 3 A illustrates a state of applying 
a phosphor suspension in the phosphor film forming step, and FIGS. 3B and 
3C illustrate states before and after the enclosure of the glass mounts in the 
electrode enclosing step, respectively. 
25 [0033] In the phosphor film forming step, a protective film is formed on the 
internal face of the straight-shape glass bulb 2 prelinainarily. Then, as 
shown in FIG. 3A, the phosphor suspension 11 containing a phosphor 
emitting three wavelengths is poured into the glass bulb 2, and the internal 
face of the glass bulb is wetted by the phosphor suspension 11. Next, the 
30 phosphor suspension 11 is dried, and baked in a furnace for approximately 
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one minute at 550°C to 660°C, whereby a phosphor film is formed. 
[0034] In the electrode enclosing step, after the phosphor film is removed 
partially in the vicinities of the both ends of the glass bulb 2, as shown in FIG. 
3B, glass mounts 5a and 5b are inserted to the both ends, respectively, and 
5 are fixed therein at positions as shown in FIG. 3C so as to be enclosed in the 
bulb. It should be noted that in the manufacturing method according to the 
present example, a method for discharging air from only one end of the glass 
bulb 2 is employed, and a tip of a discharge thin tube (not shown) of the glass 
mount 5b on the other side has been cut by burning prehminarily so as to be 

10 sealed, whereby one side of the glass bulb 2 is in a sealed state. 

[0035] In the air discharging step, an impurity gas in the glass bulb 2 is 
discharged through the non-sealed discharge thin tube 7. 
[0036] In the amalgam enclosing step, the amalgam pellet 3 is enclosed in 
the glass bulb 2. FIG. 4 illustrates the amalgam enclosing step. The 

15 amalgam pellet 3 is dropped from an amalgam dropping device 12 through 
the non-sealed discharge thin tube 7 into the glass bulb 2. Here, if an 
average spherical diameter of the amalgam pellet 3 is set to be not less than 
0.3 mm, the amalgam 3 has less tendency to adhere to a wall of the discharge 
thin tube 7. On the other hand, when the average spherical diameter of the 

20 amalgam pellet 3 is set to be less than 3.0 mm, the amalgam pellet 3 has less 
tendency to lodge in the discharge thin tube 7. 

[0037] It should be noted that the manufacturing method of the present 
invention does not employ a costly method such as a method of fixing the 
amalgam pellet 3 onto a tube end portion of the glass bulb 2 or a method of 
25 sealing the amalgam pellet 3 inside the discharge thin tube 7, but the 

amalgam pellet 3 is enclosed in the glass bulb 2 in a manner such that the 
amalgam pellet 3 is freely movable therein. 

[0038] In the amalgam enclosing step, it is desirable to maintain the 
temperature in the glass bulb 2 to 260°C or above so as to accelerate the 
30 release of mercury vapor from the amalgam pellet 3. This is because, as will 
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be described later, the temperature at which the release of vapor of mercury 
contained in the amalgam pellet 3 starts is 260°C. 

[0039] In the rare gas enclosing step, argon gas is enclosed in the glass bulb 
2 via the discharge thin tube 7 at a pressure of 280 Pa, and after the 
5 enclosure, the tip of the discharge thin tube 7 is burnt so as to be cut and 
sealed. Finally, the bases 6 are attached to the both ends of the glass bulb 2, 
respectively, whereby the fluorescent lamp 1 is completed. 
[0040] 

(3) Configuration of Illumination Device 

10 The fluorescent lamp according to Example 1 can be used as a light 

source of an iUumination device. FIG. 5 is a perspective view illustrating an 
illumination device. As shown in FIG. 5, an illumination device 13 according 
to the present example includes the fluorescent lamp 1 according to Example 
1 as the light source. The fluorescent lamp 1 is housed in a device main 

15 body 14, and is controlled by a lighting means 15 attached to a top face of the 
device main body 14. 
[0041] Example 2 

(l) Configuration of Fluorescent Lamp 

FIG. 6 is a partially cut-away plan view illustrating a ring-shape 

20 fluorescent lamp of Example 2 of the present invention. As shown in FIG. 6, 
a fluorescent lamp 21 is a ring-shape fluorescent lamp (power consumption: 
40 W) including a glass bulb 22 made of soda-lime glass. 
[0042] The glass bulb 22 has a tube internal diameter D of 27 mm and a 
discharge path length L of 1026 mm, whereby L 2 /D is 38988. On an internal 

25 face thereof, a protective layer and a phosphor film (not shown) are laminated 
successively, while an amalgam pellet 23 for supplying mercury vapor and 
argon gas as rare gas are enclosed therein. Glass mounts 25 having 
electrodes 24, respectively, are fixed in both ends of the glass bulb 22 so as to 
be enclosed in the bulb, and a base 26 is attached to the ends of the glass bulb 

30 22 so as to cover the same. 
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[0043] The amalgam pellet 23 is in an approximately spherical shape, 
having an average spherical diameter of 1.3 mm, a weight of 13.2 mg (the 
mercury content out of the same is 5 mg), and a surface area S of 5.3 mm 2 . 
One of the amalgam pellet 23 is enclosed in the glass bulb 22. The amalgam 
5 pellet 23 is made of ZnSnHg, and the above described value A, value x (value 
a), value y (value b), and value z (value c) satisfy A=0.4, x=30 (a=30), y=32 
(b=32), and z=38 (c=38), respectively. 

[0044] It should be noted that the fluorescent lamp 2 1 according to Example 
2 could be used as a light source of an iUumination device, as is the case with 
10 the fluorescent lamp 1 according to Example 1. 
[0045] 

(2) Fluorescent Lamp Manufacturing Method 

Next, a method for manufacturing the fluorescent lamp according to 
the above-described Example 2 is described. The method for manufacturing 

15 a fluorescent lamp includes a mount assembling step, a phosphor film 

forming step, an electrode enclosing step, a glass bulb bending step, an air 
discharging step, an amalgam enclosing step, and a rare gas enclosing step. 
These steps except for the glass bulb bending step are identical to the steps 
according to the above- described Example 1. It should be noted that in the 

20 manufacturing method according to Example 2 as well, as is the case with the 
manufacturing method according to Example 1, the temperature in the glass 
bulb 22 desirably is maintained at 260°C or above in the amalgam enclosing 
step. 

[0046] The manufacturing method for manufacturing the fluorescent lamp 
25 according to Example 2 is different from the manufacturing method for 
manufacturing the fluorescent lamp according to Example 1 in that the 
former method includes the glass bulb bending step. The glass bulb bending 
step is carried out after the completion of the electrode enclosing step and 
prior to the air discharging step. 
30 [0047] In the glass bulb bending step, the straight-shape glass bulb 22 is 
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subjected to bending so as to have a ring shape. FIGS. 7A and 7B illustrate 
the glass bulb bending step. FIG. 7A illustrates a state prior to the bending, 
while FIG. 7B illustrates a state after the bending. The straight-shape glass 
bulb 22 as shown in FIG. 7Ais brought into a furnace in which the 
5 atmosphere temperature is controlled at around 700°C to 900°C, and is 
formed into a ring-shape glass bulb 22 as shown in FIG. 7B. 
[0048] 

(3) Amount of Mercury Released from Amalgam Pellet 

ZnHg is an amalgam principally composed of ZmHg, and considering 

10 the phase diagram, the temperature at which mercury vapor starts to be 
released is 42.9°C. On the other hand, SnHg is an amalgam principally 
composed of Sn2oHg3, SmHg, and SnGHg, and the temperature at which 
mercury vapor starts to be released is in the vicinity of 58°C. Therefore, at 
the temperature while the lamp is being turned on, it is presumed that an 

15 amount of released mercury from ZnHg is greater than that from SnHg. 
[0049] However, since the amalgam enclosing step is carried out after the 
electrode enclosing step or the glass bulb bending step as described above, the 
temperature inside the glass bulb is 200°C to 300°C at the time when the 
amalgam pellet is enclosed. Therefore, the time when mercury vapor is 

20 released from the amalgam pellet at the highest rate is the time when the 
amalgam pellet is enclosed, that is, the time when the amalgam pellet is 
subjected to the highest temperature. Therefore, it can be considered that 
the amount of mercury vapor released from the amalgam pellet in the 
foregoing temperature range of 200°C to 300°C has the greatest effect on the 

25 mercury vapor pressure upon the first lighting of the lamp. 

[0050] Then, respective amounts of released mercury vapor in the cases of 
ZnHg and SnHg in the foregoing temperature range were determined. More 
specifically, the amalgams were brought into chambers under atmospheric 
pressure, heated to 200°C to 300°C for about 10 minutes, and amounts of 

30 mercury having been released therefrom at predetermined temperatures in 
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the foregoing temperature range were determined. 

[0051] Table 1 shows amounts of mercury released from amalgams. 

[0052] 

Table 1 



Composition 
(wt%) 


Initial 
Mercury 
Content 

w 


Amount of Re] 


sased Mercury 


240°C 


260°C 


280°C 


300°C 


ZnHg (50:50) 


5.0 


0 mg (0 %) 


0 mg (0 %) 


0.1 mg (2%) 


0.3 mg (6%) 


SnHg (80:20) 


3.0 


0.1 mg(3%) 


0.2 mg (7%) 


0.4 mg (13 %) 


0.6 mg (20 %) 


ZnSnHg (25:40:35) 


4.6 


0 mg (0 %) 


0.2 mg (4%) 


0.3 mg (7 %) 


0.5 mg (11 %) 



5 

[0053] As shown in Table 1, the temperature at which ZnHg starts releasing 
mercury is in the vicinity of 280°C, while the temperature at which SnHg 
starts releasing mercury is in the vicinity of 240°C. Besides, when the 
temperature reaches 300°C, the amount of mercury having been released 



10 from ZnHg is 6 %, while the amount of mercury having been released from 
SnHg is 20 %. Therefore, in the foregoing temperature range, that is, the 
amount of mercury released in the temperature range, which has the greatest 
influence on the first lighting of the fluorescent lamp, is greater in the case of 
SnHg than in the case of ZnHg. 

15 [0054] It should be noted that an amount of mercury released from an 
amalgam obtained by mixing ZnHg and SnHg (hereinafter referred to as 
ZnSnHg) is greater than that of ZnHg and smaller than that of SnHg in the 
foregoing temperature range. 
[0055] 

20 (4) Experiments 

As described above, a fluorescent lamp in which ZnHg is enclosed has 
a drawback in that due to a small amount of released mercury, flickering 
tends to occur, whereas a fluorescent lamp in which SnHg is enclosed has a 
drawback in that due to an increased weight of the amalgam pellet, the 

25 phosphor film tends to peel off. Therefore, fluorescent lamps were 

manufactured by using various ZnSnHg compositions obtained by mixing 
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ZnHg and SnHg, and the frequencies of occurrence of lighting defects and 
film peeling were determined with respect to the foregoing fluorescent lamps. 
By so doing, conditions for manufacturing a fluorescent lamp that has none of 
the foregoing problems were analyzed. 
5 [0056] 

1. Lighting Defects 

Alighting test was carried out so as to determine the frequency of 
occurrence of lighting defects. In the Ugh ting test, each fluorescent lamp 
was attached to a lighting device and was turned on, and whether or not a 
10 lighting defect such as non -lighting or flickering occurred was checked 
visually. 

[0057] It should be noted that the lighting defect of a fluorescent lamp is 
more apt to occur with increased difficulty in spreading of mercury vapor 
throughout the glass bulb. The difficulty in spreading of mercury vapor is 

15 influenced by the internal diameter D and the discharge path length L of the 
glass bulb. In other words, the difficulty in spreading of mercury vapor is 
proportional to the volumetric capacity V of the glass bulb, and is inversely 
proportional to the conductance C (C=D 3 /L) of the glass bulb. Therefore, 
based on the following formula, hereinafter L 2 /D is used as an index 

20 representing the difficulty in spreading of mercury vapor. Note that the 
inside of the glass bulb is regarded as a molecular flow region. 
[0058] V/C = rcx(D/2) 2 xL/(D 3 /L) = (ti/4)x(L2/D) 

Experiments were carried out with respect to three types of 
ring-shape fluorescent lamps having different internal diameters D and 

25 different discharge path lengths L of glass bulbs, respectively. FIG. 8 is a 
graph showing the result of a lamp lighting test with respect to fluorescent 
lamps (L=475, D=15) with L 2 /D=1.5xl0 4 , FIG. 9 is a graph showing the result 
of a lamp lighting test with respect to fluorescent lamps (L=840, D=14) with 
L 2 /D=5x 10 4 , and FIG. 10 is a graph showing the result of a lamp lighting test 

30 with respect to fluorescent lamps (L=1475, D=25.5) with L 2 /D=8.5x 10 4 . 
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[0059] In each graph, V indicates that a lighting defect occurred with none 
of 50 lamps subjected to the test, "A" indicates that lighting defects occurred 
with one or two of the same, and V indicates that lighting defects occurred 
with three or more of the same. Besides, in each graph, a hatched range 
5 indicates the range of conditions under which no lighting defect occurred. 
[0060] The result shown in FIG. 8 can be interpreted to indicate that a 
fluorescent lamp satisfying 0 < L 2 /D < 1.5x 10 4 is less prone to a lighting defect, 
provided that in the fluorescent lamp an amalgam pellet is enclosed that 
satisfies the following relationship: 
10 45x(l-A) < x < 55x(l-A), 

75A<y <85A, 

45-30A < z < 55-30A, and 

x+y+z < 100, 

where the lower limit of the value A is determined as follows: 
15 A> 0.3 when 0.2 <S<2.5, 

A > 0.2 when 2.5 < S <5.0, and 
A> 0.1 when 5.0 <S. 
It should be noted that a solid line in the graph of FIG. 8 is an approximate 
line (A = 0.3-0.04xS) indicating the lower limit of the value A presumed from 
20 the experiment result. 

[006 1] Further, the result shown in FIG. 9 indicates that in the case of a 
fluorescent lamp satisfying 1.5xl0 4 < l?/D < 5xl0 4 , the lower limit of the 
value A is determined as: 

A > 0.4 when 0.2 < S < 2.5, 
25 A > 0.3 when 2.5 < S <5.0, and 

A>0.2 when 5.0 <S. 
It should be noted that a solid line in the graph of FIG. 9 is an approximate 
line (A = 0.4-0.04xS) indicating the lower limit of the value A presumed from 
the experiment result. 
30 [0062] Further, the result shown in FIG. 10 indicates that in the case of a 
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fluorescent lamp satisfying 5xl0 4 < L 2 /D < 8.5xl0 4 , the lower limit of the 
value A is determined as: 

A> 0.5 when 0.2 <S< 2.5, 

A > 0.4 when 2.5 < S <5.0, and 
5 A > 0.3 when 5.0 <S. 

It should be noted that a solid line in the graph of FIG. 10 is an approximate 
line (A = 0.5-0.04xS) indicating the lower limit of the value A presumed from 
the experiment result. 
[0063] 

10 2. Regarding Film Pealing 

A vibration test was carried out so as to analyze the influence of the 
weight of an amalgam on the peeling of a phosphor film. The vibration test 
was carried out by vibrating a fixed fluorescent lamp under predetermined 
conditions (vibration acceleration: ±1.0 G, frequency range: 5 Hz to 50 Hz, 

15 sweeping method: logarithmic sweeping at 1/2 octave/min, repetition cycle: 
798 sec), and it was checked visually whether or not film peeling occurred in 
the phosphor film. It has been proved that if film peeling did not occur after 
27 minutes of vibration in the foregoing vibration test, an inconvenience due 
to film peeling should not occur in actual transportation. 

20 [0064] FIG. 11 is a graph showing the result of a vibration test. In the 

graph of FIG. 11, "o" indicates that no film peeling occurred, and V indicates 
that film peeling occurred. Further, in the graph shown in FIG. 11, a 
hatched range is the range of conditions under which no film peeling 
occurred. 

25 [0065] In the case where the weight of the amalgam pellet was 20 mg, no 
film peeling occurred even with vibration being applied for 27 minutes in a 
predetermined vibration test. Therefore, it can be concluded that in the case 
where one amalgam pellet is enclosed, no film peeling will occur if the weight 
of the amalgam pellet is set to be not more than 20 mg. 

30 [0066] In the case where the weight of the amalgam pellet was 15 mg, no 
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film peeling occurred even with vibration being applied for 54 minutes in a 
predetermined vibration test, and hence, it was determined that no film 
peeling would occur under approximate conditions such that two or more of 
15-mg amalgam pellets are enclosed and vibration is applied for 27 minutes 
5 in the predetermined vibration test. Thus, it can be concluded that in the 
case where two or more amalgam pellets are enclosed, no film peeling will 
occur if the weight of each amalgam pellet is set to be not more than 15 mg. 
[0067] 

3. Evaluation of Performances of Fluorescent Lamps 

10 Fluorescent lamps of Examples 1 and 2 were subjected to the lighting 

test and vibration test so that performances of lamps were evaluated. 
[0068] Flickering was checked visually, but it also can be determined by 
comparing the light start-up performances of the foregoing fluorescent lamps 
with that of a fluorescent lamp in which liquid mercury is enclosed. The 

15 fluorescent lamp in which liquid mercury is enclosed exhibits an excellent 
fight start-up performance. Let a time it takes to reach 80 % of the light 
stabilized after the fighting of the fluorescent lamp in which liquid mercury is 
enclosed be To, and let a time it takes to do so in the case of the fluorescent 
lamp in which a mercury amalgam pellet is used be Ti. Here, the 

20 relationship of Ti>Tox 1.5 is satisfied when flickering occurs to the fluorescent 
lamp in which a mercury amalgam pellet is used. In other words, flickering 
occurs in the case where the fight start-up time of the fluorescent lamp in 
which a mercury amalgam pellet is used exceeds 1.5 times the fight start-up 
time of the fluorescent lamp in which liquid mercury is used. This flickering 

25 can be checked visually. 

[0069] Table 2 shows evaluation results regarding the fluorescent lamps 
according to Example 1. As a comparative example, fluorescent lamps in 
which ZnHg was enclosed were used. The fluorescent lamps of the 
comparative example were designed to the same specifications as those of the 

30 fluorescent lamps according to Example 1 except for the amalgam pellets 
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being made of ZnHg, which was the only difference from the fluorescent 
lamps of Example 1. It should be noted that all the amalgam pellets 
enclosed in the fluorescent lamps were prepared so that the mercury amount 
contained in each was set to be 3 mg. 

5 



[0070] Table 2 



Composition 


Number of flickering or 
defective lamps 
(among 50 lamps) 


Number of lamps with 
film peeling 
(among 20 lamps) 


ZnSnHg (Example l) 


0 


0 


ZnHg (Comparative Example) 


3 


0 



[007 1] As shown in Table 2, while no lighting defect or film peeling occurred 
with the fluorescent lamps 1 in which ZnSnHg was enclosed, lighting defects 

10 occurred with three of the fluorescent lamps in which ZnHg was enclosed. 
[0072] Table 3 shows evaluation results regarding the fluorescent lamps 
according to Example 2. As a comparative example, fluorescent lamps in 
which ZnHg or SnHg was enclosed were used. The fluorescent lamps of the 
comparative example were designed to the same specifications as those of the 

15 fluorescent lamps according to Example 2 except for the amalgam pellets 
being made of ZnHg or SnHg, which was the only difference from the 
fluorescent lamps of Example 2. It should be noted that all the amalgam 
pellets enclosed in the fluorescent lamps were prepared so that the mercury 
amount contained in each was set to be 5 mg. 

20 

[0073] Table 3 



Composition 


Enclosed 
amount 
(mg) 


Number of flickering or 
defective lamps 
(among 50 lamps) 


Number of lamps 
with film peeling 
(among 20 lamps) 


ZnSnHg (Example 2) 


14 


0 


0 


ZnHg (Comparative Example) 


10 


3 


0 


SnHg (Comparative Example) 


25 


0 


6 



[0074] As shown in Table 3, while no lighting defect or film peeling occurred 
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with the fluorescent lamps 2 1 in which ZnSnHg was enclosed, lighting defects 
occurred with three of the fluorescent lamps in which ZnHg was enclosed, 
and film peeling occurred to six of the fluorescent lamps in which SnHg was 
enclosed. 

5 [0075] The above-described results indicate that the fluorescent lamps 1 
according to Example 1 and the fluorescent lamps 2 1 according to Example 2 
were less prone to lighting defects and film peeling, as compared with the 
conventional fluorescent lamps. It should be noted that the same 
performance can be achieved from a fluorescent lamp other than the 

10 foregoing fluorescent lamps 1 and 2 1 as long as it is a fluorescent lamp 
according to the present invention. 
[0076] Example 3 

Fluorescent lamps according to Example 1 were prepared, in which 
amalgam pellets shown in Table 4 were enclosed, respectively, and the 

15 number of fluorescent lamps in which mercury adhered to the thin tubes was 
determined. The result is shown in Table 4 below. 
[0077] Table 4 



Value A 


ZnHg mixture ratio 


Hg amount 


Number of lamps 


(SnHg mixture ratio) 




(mg) 


with mercury 








adhesion to thin 








tubes 








(among 10 lamps) 


0.5 


0.5 


5 


0 


0.8 


0.2 


5 


0 


0.9 


0.1 


5 


1 


1.0 


0 


5 


4 



[0078] Table 4 shows that regarding the adhesion of mercury to the thin tube, 
20 a preferable result was obtained when A<0.9. 

[0079] Example 4 

Fluorescent lamps according to Example 1 were prepared, in which 

amalgam pellets shown in Table 5 were enclosed, respectively, and the 

number of flickering fluorescent lamps, the number of fluorescent lamps in 
25 which film peeling occurred, and the number of fluorescent lamps in which 
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mercury adhered to the thin tubes, were determined. The result is shown in 
Table 5 below. It should be noted that the evaluation was made in the same 
manner as those described regarding Examples 1 to 3. The composition 
range of the present example is shown in the graph of FIG. 12. A hatched 
5 region in FIG. 12 is a range of compositions regarded as excellent as a result 
of the overall evaluation shown in Table 5, and numerals in brackets shown 
in the graph correspond to the numerals of the notes for Table 5. 



[0080] Table 5 



Experiment 
No. 


Condition 


Result 


Zn 
(wt%) 


Sn 

(wt%) 


Hg 

(wt%) 


Weight 
ofHg 
(mg) 


Total 
weight 
(mg) 


Flickering 


Film 
peeling 


Tackiness 
(Adhesion 
to thin 
tube) 


Overall 
evaluation 


1 


25 


25 


50 


5 


10.0 










2 


25 


30 


45 


5 


11.1 


o 


o 


0 




3 


25 


40 


35 


5 


14.3 


0 


o 


0 




4 


25 


50 


25 


5 


20.0 


0 








5 


25 


55 


20 


5 


25.0 




0 






6 


10 


40 


50 


5 


10.0 


o 








7 


15 


40 


45 


5 


11.1 










8 


20 


40 


40 


5 


12.5 


o 


o 






9 


30 


40 


30 


5 


16.7 


0 


o 


0 




10 


35 


40 


25 


5 


20.0 




o 


o 




11 


5 


60 


35 


5 


14.3 


o 


o 






12 


10 


55 


35 


5 


14.3 






o 


o 


13 


20 


45 


35 


5 


14.3 






o 


o 


14 


30 


35 


35 


5 


14.3 


o 


o 


o 




15 


35 


30 


35 


5 


14.3 


X<6) 




o 





10 [0081] 

Note (l), (3): As the Hg content was in excess of the appropriate ratio, Hg 
leaked, thereby causing tackiness to occur. 

Note (2): As Sn was increased while Hg was decreased as compared 

with the appropriate ratio, an amount of Hg released in an initial stage was 
15 small, thereby causing flickering to occur. 

Note (4): As Zn was increased while Hg was decreased as compared 

with the appropriate ratio, an amount of Hg released in an initial stage was 
small, thereby causing flickering to occur. 

Note (5): As Zn was decreased while Sn was increased as compared 
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with the appropriate ratio, Hg leaked, thereby causing tackiness to occur. 
Note (6): As Zn was increased while Sn was decreased as compared 
with the appropriate ratio, an amount of Hg released in an initial stage was 
small, thereby causing flickering to occur. 
5 [0082] As clear from Table 4, the compositions in the range of the present 
invention caused none of flickering, film peeling, and tackiness, and exhibited 
excellent overall evaluation results. 
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Industrial Applicability 

[0083] Fluorescent lamps according to the present invention are applicable 
as mercury discharge lamps in which mercury is used. 



